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Abstract 
The wireless technology has been increasingly evolving in the world of healthcare applications where the medical devices, 
information technology and communications have started to converge and has the potential to revolutionize. The technology of 
Radio Frequency Identification (RFID) has shown great promise in helping healthcare improves patient’s safety and achieving 
efficient operation. Due to the increment of human errors and patients also the decrement of medical staff, researchers found that 
the RFID technology is chosen to be a suitable solution. However, the current RFID tag is seen to have several setbacks in 
obtaining an efficient and accurate data transfer also to support continuous data transmission. This paper discusses on the 
limitation and its possible solution in order to obtain better network for healthcare. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Faculty of Information Science and Technology, Universiti Kebangsaan 
Malaysia. 
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1. Introduction 
The use of item identification in indoor or outdoor application has been increasingly important for numerous 
industrial areas especially in the healthcare and medical industries where it is capable in helping to prevent human 
error from increasing due to internal factors. Identifications listed for medical site is including monitoring or tracking 
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patient’s physiological conditions. An evolving identification technique Radio Frequency Identification (RFID) has 
an important role for the healthcare and medical industries. Through literatures from different types of RFID 
transponders, active RFID transponder has shown its suitability and compatibility in remote real-time data 
transmission. The active RFID is used to monitor the physiological conditions of a patient (temperature, heart rate, 
blood pressure or etc). The RFID system is classified through recurrent criteria such as operating frequencies, types 
of transponders, modes of energy, data transmission, and etc [1]. Through literatures, the classification chosen for 
the RFID system active transponder is to operate in Ultra High Frequency (UHF). The active transponder with UHF 
frequency range is able to transmit in a long range and remotely. Furthermore, it is capable to be embedded with 
numerous types of wireless sensors.  
2. Research methodology and framework 
2.1. Literature and framework 
The literature was conducted by using professional library search engine (IEEE Explore, ACM Digital library, 
Science Direct, Google Scholar) for published technical conference papers, journals, and patents related to the field. 
The literature was then divided into categories (active RFID system, IEEE 802.15.4 Zigbee network technology, 
wireless repeater system, and power source regeneration) that would ease the author’s future research.  
From the literature that has been collected, the author arrived to a framework that will identify the process flow 
of the research. To better understand the study, it starts on determining the implementation and scope. Since it’s for 
the medical application, identification must be on the existing limitations that are being faced by the medical 
industries. Then look into the studies on integration of high accuracy sensors with the wireless technology system 
for monitoring purposes. The wireless technology that has been chosen which is the RFID system is then studied 
further to analyze its usability for long distance and remote monitoring. 
2.2. Related work 
Related work on RFID technology, its application and limitation is discussed through [2, 3] and [4-8]. Therefore, 
it is important that the best solution is obtained in order to enhance the ability of the technology to be used in the 
healthcare applications. 
3. RFID system 
3.1. Active RFID system 
In RFID system, the RFID transponder is divided into three (3) main categories which are active, passive and 
semi passive/active devices. The characteristics of two (2) frequent used transponders are discussed as per Table I. 
From the characteristics shown, the active tag which is in the architecture of technology standards ISO/IEEE 18000 
is chosen due to its capability of two way communication between tag and reader for constant communication of 
signal (data), ability to transmit at a long communication range (open space), constantly powered by external power 
source, smaller tag size and most importantly the ability to be integrated with sensors. 
 
Table 1 Characteristics of RFID tags [9, 10] 
Characteristics / Type Active Passive 
Power source Internal External 
Data type Read / Write Read only 
Storage 
Multi Tag Collection 
Communication range 
128 Kbytes 
More than100 tags 
More than 100meters 
Less than 128 Kbytes 
100 tags 
More or less than 3meters 
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3.2. Literature review 
Active RFID transponder has been a worldwide choice although it provides setback in terms of cost.  In 
healthcare application point of view, the authors from [3], [7], [11], have conducted research on the application of 
the active RFID system in terms of increasing patient’s safety or reducing the medical errors for patients. The 
transponder is used to provide the real-time data access for health professionals where it would be time saving for 
the staff to provide help to the patient. Real – time data access and monitoring of patients are needed to alert the 
health professionals on patient’s conditions thus allowing them to serve the patients professionally and with prompt 
to improve the medical process.  
However, living in a technology surrounding, barriers such as technicality issues (surrounding interference, 
ineffectiveness, standardization, privacy, and legal issues) are always in the way. For example, the interference and 
ineffectiveness factors may lead to limitations to better serve the patients. Through several literatures on active 
RFID system, it was found that the researchers have conducted discussions and findings on the active RFID system 
limitation issues. The main issues are connected to communication range limitation and lifetime of the active RFID 
transponder. The designs and implementation for the active RFID transponder are based on the IEEE 18000-7 
standards [2, 3]. In order to solve the limitations faced by the transponder, methods such as low powered design 
transponders and design on hardware are used with the capability of being controlled by the sleep or wake up mode 
to obtain a low power consumption transponder.  
An example of low-powered transponders discussed [6] proposed a two-tiered RFID sensor network architecture 
in order to enable balanced energy consumption between the RFID network nodes. However, this solution would 
only lead to higher cost due to the increment number of reader that needs to be used to obtain the right tier network.  
Another example is by implementing an additional co-processing digital circuit to be integrated with the existing 
microcontroller in the active transponder. This additional circuit would be controlling the signal that goes through 
the microcontroller from the sensor. The controlled signal path that is not in used would then be in sleep mode most 
of the time as controlled by the microcontroller. This sleep mode concept is used by many researches to help in 
controlling power consumption of the transponder itself. This is how the low-powered active transponder is obtained 
[5- 8].  
However, issues involving patients, the above stated are not the only limitations. Other issue such as sensitivity 
and practicality of a body embedded sensor is as important as transmitting the data. The sensors actually provide the 
analog form of patient’s physiological condition and the data need to be very accurate. A minor mistake or 
misreading may be fatal to the patient that is being monitored. From [12], a wireless temperature sensor was 
produced to be integrated with the RFID technology. The sensor has been designed to fulfill the requirement of 
smaller temperature range which is used in healthcare application. Even though the designed sensors are able to 
sustain the temperature but the sensors still produces 2.5 % error and need to be calibrated after certain period of 
time to ensure better accuracy. This would be difficult for the health professionals as they are not experts in this 
technology and would not be able to provide maintenance of the equipment. 
4. Integration of current wireless technologies with the active RFID system 
Current research findings that are available in the wireless sensor networks for healthcare application when 
involves an active RFID transponder is by integration with the emerging wireless technology. There are a few 
technologies for active RFID to be combined with active RFID according to the ISO/IEEE standards which leads to 
the improvement of the current conditions. The standards are IEEE 802.11 for WI – FI, IEEE 802.15.4 for Zigbee 
and lastly IEEE 802.15.1 for Bluetooth. Bluetooth is not recommended here due to the architecture of the 
technology that does not fit the Active RFID transponder application and also the limitation of coverage range. WI-
FI also is not recommended due to its operating frequency which is crowded by the usage of other wireless 
applications, its high power consumption, and interference with the existing 802.11 networks which would lead to 
interruption of transmitted information when large amount of transponder is involved [13]. Hence, based on the 
discussed limitations, many researchers have discovered different methods to facilitate the improvement of the 
active transponder such as integration with IEEE 802.15.4 Zigbee network technology or integration of wireless 
repeater network. 
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4.1. IEEE 802.15.4 Zigbee network technology 
For the integration with the IEEE 802.15.4 Zigbee network technology, researchers from [13-18] implement the 
RFID network as the front user while the Zigbee network as the end user. This implementation is capable of 
increasing the range of data transmission even in a 2-storey building environment. The concept implemented is 
multi-hop in an ad hoc pattern. The Zigbee network is considered viable due to its compatibility within the 
ISO/IEEE standards. IEEE 802.15.4 Zigbee is considered as one of the Wireless Sensor Network (WSN) standards 
and is known to be the most significant technology in this century which consists of spatially distributed 
autonomous sensor to monitor physical or environmental conditions [14]. A Zigbee has a principle of which this 
technology can automatically connects with other readers where in this case, the RFID reader can form numerous 
data paths, and different nodes will be used to transfer this information to the end user using different number of 
paths [15]. 
5. Power source regeneration 
Another discovery made when the researchers are developing the active RFID transponder is on the power 
consumption limitation. It is seen that an active RFID transponder that would be used for patient monitoring is used 
at a long period of time thus leading to power drainage. This is from the continuous data transmission as well as 
powering the internal circuitry and sensors for the transponder. The current technology that is being implemented is 
a 3V lithium battery and by research this power source is not enough to sustain the usage of the transponder for long 
period of time. Thus, a solution is made by the implementation of a technology that would be able to regenerate the 
power in the transponder. Two (2) types of technology that have been considered are (i) Micro-Electro Mechanical 
System (MEMS) and (ii) Thermoelectric Generator (TEG). Both are energy harvester technology that can be 
miniaturized.  
The MEMS technologies stated in [19, 20] converts or harvest the energy from the mechanical vibration that is 
being produced from electrostatic, electromagnetic, piezoelectric or acceleration to electrical power. In this research, 
the concept used was the piezoelectric power supply (PPS) for mobile process temperature sensing. It is an approach 
where it offers higher power density compared to other approach. Vibration is used to produce sufficient electricity 
power for a temperature monitoring application, however, in order to obtain vibration, from patient’s point of view, 
movements is needed. Patient’s, movements are limited therefore; this approach is not practical to be used in a 
health care patient monitoring.  
Meanwhile, the TEG technology uses Seebeck concept (junction of 2 different materials that contributes in 
differential of temperature produces output voltage). The TEG from [21, 22] uses heat from body area and can be 
harvested into energy. The concept was designed to potentially provide power to the device where the design is built 
on the basis of a thermal model of device that includes human body as one of the important elements. This concept 
is considered viable and usable as it produces energy from body thermal. This is suitable for patient monitoring, 
where human body would produce heat unconditionally. This absorbed body heat would be able to power up the 
transponder continuously in order to avoid any power drainage. 
6. Proof of concept 
Proof of concept has been done by conducting an experiment using the current existing transponder and 
monitoring system and are discussed further here. Experimental results are obtained from the experimentation of 
current available system. The experimental environment is a combination of range detection and temperature 
detection for indoor purposes. The experimental setup is as shown in Fig. 1. In this experiment, two (2) assumptions 
were made; (a) environmental temperature reading, (b) total distance read in regards with point to point movement. 



















Fig. 1. Experiment set up for point to point movement in laboratory 
Table 2. Distance from point to point 
Placement Point Distance (meters) 
Distance from Test Station to Point 1 0.71 
Distance from Point 1 to 2 2.2 
Distance from Point 2 to 3 
Distance from Point 3 to 4 






The current technology has a temperature sensor embedded with the transponder. This provides an advantage to 
discuss on the accuracy of the sensor. However, this paper only focuses on the distance that the transponder can 
provide during transmission. The transponder transmits the temperature reading to the receiver that is connected 
with the local host. The local host has a system that is able to provide the exact reading of the patient temperature. 
From there, the observation was made to identify two (2) different readings which are environment and body 
temperature and subjected to point to point movement to investigate the reading error of the transponder.  Table 3 
shows the simulation result on range detection that the transponder is able to transmit. 
Table 3. Range result. 
Placement Point Time  Detection 
1 16:10:08 Yes 











From the result tabulated above, it is seen that the transponder (as in Table 2) was able to detect only up until 
Point 3. After the point has been measured, the detected length was up until 6.18 meters from the Test Station. The 
possible assumption that can be made on this result is that the surrounding environment produces interference for 
the transponder to transmit even further. Interference such as metals on window panes, floor tiles, Wi-Fi hotspot that 
are available at that moment can produce major interference to the transmission of UHF signals. Furthermore, the 
battery strength also can be considered as interference for the transmission length. In this scenario, it is seen that the 
transmission is continuous, thus leading to depletion of battery power. The depletion of the battery power will then 
lessen the communication strength of the transponder.  
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As discussed in Section 4, the current solution in solving the communication distance of the RFID transponder is 
either through combination of technology with the IEEE 802.15.4 network or replacing it with the IEEE 802.15.4 
network.  Continuum of the research is on obtaining the most accurate and sensitive sensor towards body reaction 
reading where the sensors will be experimented for temperature data accuracy. Then the research will proceed by 
combining the sensors with an appropriate microcontroller that would then be embedded with a Zigbee network 
module or an RF module.  
7. Conclusion 
In conclusion, it is proven that the emerging active RFID network still produces limitation although it has been 
long discovered. The limitations are a downside if a medical industries applicant wants to use it as its main 
technology for monitoring patients. However, nowadays it is foreseen that the active RFID transponder is capable of 
being combined or replaced (according to specifications of users) in order to enhance the current technology 
development. The proposed research is foreseen to be able to develop a more reliable and suitable active RFID 
transponder that would help in decreasing the human error in monitoring and tracking application. From the 
literature reviews obtained, the researchers were able to determine limitations regarding the active RFID transponder 
which are communication range, lifetime of the active RFID transponder and the ability to identify multiple tags at 
limited time. Further research is done where exploration is made on integrating the current active RFID transponder 
with other wireless technology available nowadays. The exploration is also made on solving the issues of 
continuously powering the transponder to avoid sudden power drainage that would lead to disruption of data 
transmission. 
Acknowledgements 
We would like to extend our sincere gratitude to Universiti Teknologi PETRONAS, for their assistance, guidance 
and support in all phases of this research. This research is under Prototype Development Research Grant Scheme 
from Ministry of Higher Education (MOHE) Malaysia. 
References 
[1] T.J. Dishongh, M. McGrath. Wireless Sensor Network for Health Applications. Norwood, MA : Artech House, 2010, p. 5-36. 
[2] H. Cho,; Y. Baek,; , "Design and implementation of an active RFID system platform," Applications and the Internet Workshops, 2006. 
SAINT Workshops 2006. International Symposium on, 2005. p. 4, 23-27 Jan.  
[3] R.S.Sangwan,; R.G.Qiu,; D. Jessen,; , "Using RFID tags for tracking patients, charts and medical equipment within an integrated health 
delivery network," Networking, Sensing and Control, 2005. Proceedings. 2005 IEEE, March 2005. p. 1070- 1074, 19-22. 
[4] Guangsong Yang; Mingbo Xiao; Chaoyang Chen; , "A Simple Energy-Balancing Method in RFID Sensor Networks," Anti-counterfeiting, 
Security, Identification, 2007 IEEE International Workshop on , 16-18 April 2007,pp.306-310.  
[5] J. S. Kim. “Active RFID tag.”, U.S Patent 2009/0224890 A1, Sept. 10, 2009. 
[6] K. Agawa, M. Alioto, W. Zhou, T-T. Liu, L. Alarcon, K. hajkazemshirazi, M. John, J. Richmond, W. Li, J. Rabaey., “ Design and 
Verification of an Ultra-Low-Power Active RFId Tag with Multiple Power Domains.”, Proc. SASIMI, 2010, p.386 -394. 
[7] Takahashi, Masaharu; Nakajima, Takashi; Saito, Kazuyuki; Ito, Koichi;, "Characteristics of wristband type RFID antenna," Antennas and 
Propagation (EuCAP), 2010 Proceedings of the Fourth European Conference on , April 2010, p.1-4, 12-16. 
[8] Qingbin Meng; Jie Jin; , "Design of Low-Power Active RFID Tag in UHF Band," Control, Automation and Systems Engineering (CASE), 
2011 International Conference on , 30-31 July 2011, p.1-4,. 
[9] S. Sahedan, “Temperature Detection for Fever Patient using RFID and GSM Modem.”, Bachelor Degree Final Year Project Thesis, 
Universiti Teknologi PETRONAS, Perak, 2009. 
[10] Y. Z. Mehrjerdi, "RFID and its benefits: a multiple case analysis", Assembly Automation, vol. 31, no.: 3, pp. 251 – 262, 2011. 
[11] W. Yao, CH. Chu, and Z. Li, “The use of RFID in healthcare: Benefits and barriers,” The IEEE International Conference on RFID-
Technology and Applications, Guangzhou, China, June 2010, p. 17 – 19. 
[12] K. Opasjumruskit, T. Thanthipwan, O. Sathusen, P. Sirinamarattana, P. Gadmanee, E. Pootarapan N., Wongkomet, A. Thanachayanont, M. 
Thamsirianunt, ,"Self-powered wireless temperature sensors exploit RFID technology," Pervasive Computing, IEEE , Jan.-March 2006, 
vol.5, no.1, pp. 54- 61. 
[13] D.Seetharam and R.Fletcher,; “ Battery-Powered RFID”, SenseID 2007 1st ACM Workshop on Convergence of RFID and Wireless Sensor 
Networks and their Applications, Nov. 2007, p.1-6. 
571 Nurul Fauzana Binti Imran Gulcharan et al. /  Procedia Technology  11 ( 2013 )  565 – 571 
[14] L. Ruiz-Garcia, L. Lunadei, P. Barreiro, J.I. Robla.” A Review of Wireless Sensor Technologies and Applications in Agriculture and Food 
Industry: State of the Art and Current Trends.” Sensors. [Online], June 2009, p. 4728-4750,. Available: 
http://creativecommons.org/licenses/by/3.0 
[15] Qiang Ruan; Wensheng Xu; Gaoxiang Wang; , "RFID and ZigBee based manufacturing monitoring system," Electric Information and 
Control Engineering (ICEICE), 2011 International Conference on , 15-17 April 2011, p.1672-1675,. 
[16] Sumi M, Ebrahim A. Soujeri, Rahim Rajan, A. I. Harikrishnan, “Design of a zigbee-based RFID network for industry applications,” 
Proceedings of the 2nd international conference on Security of information and networks, 2009. 
[17] B. Castaño and M . Rodriguez-Moreno; , "A ZigBee and RFID hybrid system for people monitoring and helping inside large buildings," 
Industrial Electronics & Applications (ISIEA), 2010 IEEE Symposium on , 3-5 Oct. 2010, p.16-21. 
[18] Hyuntae Cho; Hyunsung Jang; Yunju Baek; , "Large scale active RFID system utilizing ZigBee networks," Consumer Electronics (ICCE), 
2011 IEEE International Conference on , 9-12 Jan. 2011, p.429-430,. 
[19] Kaya, Tolga; Koser, Hur; , "A New Batteryless Active RFID System: Smart RFID," RFID Eurasia, 2007 1st Annual , 5-6 Sept. 2007, p.1-
4. 
[20] Hequn Chu; Guangmin Wu; Jianming Chen; Yumei Zhao; , "Study and simulation of semi-active RFID tags using Piezoelectric Power 
Supply for mobile process temperature sensing," Cyber Technology in Automation, Control, and Intelligent Systems (CYBER), 2011 IEEE 
International Conference on , 20-23 March 2011, p.38-42,. 
[21] V. Leonov, P. Fiorini, S. Sedky, T. Torfs, C. Van Hoof, "Thermoelectric MEMS generators as a power supply for a body area 
network," Solid-State Sensors, Actuators and Microsystems, 2005. Digest of Technical Papers. TRANSDUCERS '05. The 13th 
International Conference on, vol.1, no., 5-9 June 2005, p. 291- 294,. 
[22] G. J. Snyder, “Small Thermoelectric Generators.”, The Electrochemical Society Interface, 2008, p. 54-56. 
 
